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Personalization of treatment is a current strategic goal for
improving health care. Integrated treatment approaches
such as psychiatric rehabilitation benefit from personaliza-
tion because they involve matching diverse arrays of treat-
ment options to individually unique profiles of need. The
need for personalization is evident in the heterogeneity
of people with severe mental illness and in the findings
of experimental psychopathology. One pathway to person-
alization lies in analysis of the judgments and decision mak-
ing of human experts and other participants as they respond
to complex circumstances in pursuit of treatment and reha-
bilitation goals. Such analysis is aided by computer simu-
lation of human decision making, which in turn informs
development of computerized clinical decision support sys-
tems. This inspires a research program involving concur-
rent development of databases, domain ontology, and
problem-solving algorithms, toward the goal of personaliz-
ing psychiatric rehabilitation through human collaboration
with intelligent cyber systems. The immediate hurdle is to
demonstrate that clinical decisions beyond diagnosis really
do affect outcome. This can be done by supporting the hy-
pothesis that a human treatment team with access to a rea-
sonably comprehensive clinical database that tracks patient
status and treatment response over time achieves better
outcome than a treatment team without such access, in
a controlled experimental trial. Provided the hypothesis
can be supported, the near future will see prototype systems
that can construct an integrated assessment, formulation,
and rehabilitation plan from clinical assessment data and
contextual information. This will lead to advanced systems
that collaborate with human decision makers to personalize
psychiatric rehabilitation and optimize outcome.
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Two transcending realities emerge from contemporary
schizophrenia research:

1. People with schizophrenia are quite heterogeneous
with respect to strengths, disabilities, course of their
illness, and the nature of their recovery.

2. Our array of treatment and rehabilitation methods
and tools has become broad and diverse, including bi-
ological, cognitive, behavioral, and socioenvironmen-
tal approaches.

There are 2 simple but very important implications for
treatment to achieve maximum effectiveness:

3. It must be broad enough and flexible enough to allow
tailoring to individual patient needs.

4. Itmust be integrated in a comprehensive treatment array,
delivered as part of a personalized rehabilitation regimen.

TheUSNational Institute ofMentalHealth has put a stra-
tegic priority on research to enhance personalization of treat-
ment.1 However, it can be surprisingly difficult to make the
leap from our conventional research questions, which gener-
ally address ‘‘average’’ treatment effects in the ‘‘typical’’ pa-
tient, to questions of what treatment is best for which person,
at what time. The difficulty is surprising because as clinical
practitioners we take for granted that we and our patients
make judgments anddecisions throughout the courseof treat-
ment, based on the patient’s individual characteristics among
other factors, but our research methods usually neutralize
those individual considerations so that we can make inferen-
ces about specific treatments. From these methods, we learn
how different treatments compare with respect to groups
defined by our grouping variables but we learn little or noth-
ing about how to personalize treatment within those groups.
The idea of personalization resonates with broader

principles of evidence-based practice, but a commitment
to evidence-based practice alone does not guarantee
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optimal personalization. Ultimately, a practice must be
evidence based for a specific problem. The proliferation
of treatment options reflects in part proliferation of treat-
ment targets, diverging from symptoms to cognitive
impairments, instrumental behaviors, skill deficits, social
roles, and possibly in the near future biological processes.
After a treatment becomes evidence based, it remains for
the practitioner to identify the features of a particular
patient’s presentation for which possible treatments
are effective. In psychiatry, these targets are seldom if
ever identified by diagnosis alone. Trial-and-error is ar-
guably the most common method of selecting specific
evidence-based treatments for specific patients. There
is no question that systematic empirical trial-and-error
(or more precisely, trial-and-assess outcome) is crucial
in psychiatry. Personalization is advanced when science
provides information that maximizes the probability of
selecting treatments that will prove effective on the first
trial.

One pathway toward personalization, reflected in cur-
rent excitement about early intervention and first-episode
approaches2,3 is to identify more homogeneous subgroups
with high potential for responding to a specific, specially
selected treatment array. Medication algorithms4 could
represent another path to personalization, although so
far medication algorithms have focused more on reducing
costs and heterogeneity among practitioners than on
matching individual characteristics with treatment options.
Genome-based treatment selection5,6 may be another path-
way, although so far it is more promise than reality.

There is yet another pathway to personalization, based
on the deceptively simple idea that practitioners and
patients do make individualized judgments and decisions.
This is not such a platitude, as it may seem. We really
do not understand very much about how practitioners
make their decisions, especially in the clinical frontier of
treating schizophrenia and related disorders. Our attempts
at formalizing even seemingly straightforward decisions, for
example inmedication algorithms, have yielded disappoint-
ing results. There are reasons for this. Most generally, we
know from the experimental psychology of judgment and
decision making7 (JDM) that experts cannot always de-
scribe or articulate the rules and algorithms by which
they operate. In mental health practice, even simple deci-
sions are usually made in very complex contexts. In patients
with multiple conditions or problems, as is the case with
severe and disabling mental illness, even if a definable
patient group is homogeneous in response to a specific
treatment, it will be heterogeneous with respect to other
treatments for other problems. As treatment options mul-
tiply, the complexity of personalization increases.Neverthe-
less, it is credible to presume that practitioners personalize
treatment bymaking case-specific judgments and decisions,
beyond initial grouping judgments (eg,making apsychiatric
diagnosis). If we did not think so, we would not invest so
heavily in their training, education, and regulation.

Conceptualizing personalization of treatment in terms
of clinical JDM leads logically to a research and
development agenda. If we could more fully understand
the judgments and decisions involved in navigating the
course of chronic, severe psychiatric conditions toward
recovery, we could better educate and train practitioners
to collect the needed information andmake the best judg-
ments and decisions. A more systematic accounting of
clinical judgments and decisions, and the data on which
they are based, would also enable better use of computer
technology to support those decisions, as has been the
case in other areas of health care.8–10

The research and development agenda can be validated
by testing a simple hypothesis:
H1: A practitioner or treatment team continuously ex-

ercising JDM in response to data on patients’ status and
treatment response, using systematic trial-and-assess-
ment and selecting from an evidenced-based treatment
array, produces better outcome than one guided only
by group inclusion criteria (eg, diagnosis), unsystematic
trials, and environmental exigencies (eg, institutional pol-
icy, availability of specific treatments).
However, the null hypothesis is neither trivial nor

counterintuitive:
H0: It makes no difference—

� most treatment effects are more generalized than
specific;

� more treatment is simply better;
� a shot gun is still more cost-effective than a magic
bullet.

So, in embarking on the JDM pathway to personaliza-
tion, we have reason to seek some reassurance about it is
potential. Do we really have reason to suspect that recov-
ery in severe mental illness generates circumstances where
personalized JDM would make a difference? Reassur-
ance comes from 2 domains: (1) the nature of the severely
mentally ill population, especially its heterogeneity and
(2) findings of experimental psychopathology.

The Heterogeneity of the Population

Table 1 shows a list of characteristics of the broad popula-
tion of people under the rubric of ‘‘severe and disabling
mental illness’’ (hereafter, the term Serious Mental Illness
or SMI will be used to denote this population). These char-
acteristics, and presumably many more yet to be identified,
produce an extremely heterogeneous population, even
within diagnostic groups. There is no profile or combina-
tion of these problems that is unique or even ‘‘typical.’’
No combination or pattern is peculiar to SMI or even to
schizophrenia. Since the disorder continues over the life
span, the patient population includes people of all ages
and developmental stages. Individual patients have unique
combinations of multiple problems. Logically, multiple
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problems require multiple treatments, each treatment hav-
ing its own considerations for tailoring to individual needs.
Coordination and integration of multiple treatments logi-
cally requires simultaneous consideration of many factors,
on a case-by-case basis.
There is growing consensus that integrated biopsycho-

social models of schizophrenia and other severe mental
illnesses are key to understanding its complex psychopa-
thology and hence its treatment.11 We increasingly have
the technology to target and treat impairments at all these
various levels. Even in more homogeneous patient pop-
ulations, integration of treatment across levels of
human functioning is a major challenge. With heteroge-
neity, the difficulties increase exponentially.
The logical implications of patient heterogeneity for

a JDM pathway to personalization are partially supported
by empirical findings. Outcome research generally links the
effectiveness of specific treatments to specific problems
(eg, symptoms, cognitive impairments, skill deficits, family
interactions), not diagnostic groups. However, it is notori-
ously more difficult to determine a treatment’s specificity
than its effectiveness for any particular problemor outcome
measure. There is thus still rational room for the skeptical
view that until proven otherwise, there is not enough spec-
ificity of treatment effects in psychiatric rehabilitation to
make personalization beneficial. Nevertheless, skepticism
is inconsistent with what seems obvious to experienced
practitioners that we continuously make important judg-
ments and decisions, and not just about medication, based
on patients’ unique characteristics and circumstances.

Experimental Psychopathology

The JDM pathway to personalization also draws upon the
experimental psychopathology of schizophrenia, which tells

us much about interactions between neurophysiological,
cognitive, and behavioral processes over the course of the
disorder.Whenever we identify a link between ameasurable
process and a measurable dimension of personal or social
functioning, we identify a potential point at which a judg-
ment or decision might helpfully be made. When there are
individual differences among those processes and dimen-
sions, we have taken a step toward personalization.
Here is an example of how psychopathology research

can lead to JDM implications. A body of findings sug-
gests that the clinical presentation of paranoia is medi-
ated by neurocognitive and social cognitive factors,12

as cognitive and behavioral recovery progresses.13–16

Taken together, the findings collectively reveal sequential
relationships relevant to treatment. Inferring from the
sequences and time frames in the findings, a plausible
narrative interpretation can be constructed as follows:
When paranoia is accompanied by deficits in executive

cognitive functioning at the start of rehabilitation, im-
provement in executive cognition brings reduction of
paranoia in some individuals (consistent with the familiar
observation that paranoia can result from various kinds
of generalized brain dysfunction). Neuropsychological
assessment can determine whether there is executive im-
pairment at the start of rehabilitation. If so, resources can
be deployed primarily to address it, with the expectation
of specific treatment effects from some modalities (eg,
neurocognitive remediation,17,18) and nonspecific effects
of others (eg, adhering to a daily routine, participating in
low-demand social activities.19) Repeated assessments
can confirm whether the executive impairments are re-
sponsive to treatment, within 30 to 60 days. If so, the fo-
cus of treatment on neurocognition should continue with
a gradual increase in more demanding modalities that en-
hance cognitive recovery through nonspecific effects as
well as specific effects on other areas requiring functional
improvement (eg, replace low-demand social activities
with social skills training). The combined effects of this
regimen are expected to produce a recovery trajectory
in personal and social behavioral functioning continuing
at least 6 months before reaching baseline.
Repeated assessment can also indicate the degree of

paranoia residual to neurocognitive recovery. The resid-
ual paranoia is associated with attributional processes, as
opposed to executive impairments, and is a suitable target
for specialized cognitive behavioral therapy (CBT) that
directly addresses attributions and beliefs.20

When repeated assessment indicates executive func-
tioning is near baseline (no improvement with intensive
treatment over 30–60 days), expectations for further
treatment response must be adjusted according to the
severity of the residual deficit. Severe residual executive
deficits compromise response to CBT and skill training.
With or without paranoia, the environmental support re-
quired for severe residual executive deficits will be greater
(executive deficits impair performance of many routine

Table 1. Characteristics of ‘‘Severe andDisablingMental Illness’’

d Schizophrenia spectrum diagnoses, often multiple diagnoses
Episodic psychosis, highly variable in severity, length,
symptoms

d Neurocognitive deficits of variable type and severity
Frontal/executive and memory deficits of variable severity
Deficits in automatic (‘‘gistful’’) social cognition of variable
severity

Emotional recognition deficits in some individuals
Theory of Mind deficits in some individuals
Context apprehension deficits of variable severity

d Adolescent or pre-adolescent onset in many individuals, with
diverse developmental implications

Adolescent or preadolescent levels of moral cognition and
social judgment in some individuals

Social/interpersonal skill deficits of variable severity
Independent living skill deficits of variable severity

d Multi-comorbidity in all possible combinations:
Substance abuse
Emotion dysregulation disorders (borderline syndrome)
Anxiety disorders
Depression

d Various personality disorder traits in all possible combinations
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skills), and the living and occupational skill acquisition
goals must be adjusted accordingly.

These interpretations can be summarized in a simple
decision algorithm, shown in figure 1 in the form of a
cybernetic information-processing diagram.

This is arguably an unusual use of psychopathology,
where findings are usuallymeant to clarify the role of specific
biological, psychological, and social processes in the etiology
of disorders. The purpose of this example is to show that rea-
sonable interpretations of research data can also lead to test-
able algorithms for clinical decisionmaking. In this example,
the algorithm logically could enhance outcomeby identifying
opportunities for exploiting spontaneous recovery, directing
the sequence of specific interventions, preventing use of
expensive options having low probability of benefit, and
informing long-term treatment goals.

The example also shows that using even a simple algo-
rithm may require a considerable amount of longitudinal
data collection and processing, not only just for valida-
tion but also for routine clinical application. A set of
algorithms comprehensive enough to even approach
the scope of clinical issues involved in psychiatric
rehabilitation would require exponentially more data
processing. At this point, the JDM path to personaliza-
tion encounters a key signpost: ‘‘Computer technology
and the cybernetic sciences, collectively known as
informatics, will play a crucial role in further progress.’’

Clinical Decision Support Systems

Informatics plays a key role in personalization for 2 main
reasons. First, the volume of data involved in JDM in psy-
chiatric treatment and rehabilitation is so great that itsman-
agement in clinical settings may only be possible through
computerization. This is no surprise to computer scientists,
who have seen similar realizations in many other areas of
health care (if there is any surprise, it is that mental health
technology can now generate such a volume of data). The
second reason is that beyond passive management of clin-
ical data for human consumption, computers can be helpful
by participating in JDM.This in turn happens in 2ways: (1)

with computer modeling, we can better understand human
JDM and (2) computers can complement human JDM by
using their special nonhuman abilities.
The explosion of informatics in other areas of health care

provides a vision of how similar developments in mental
health could support personalization of treatment.21 Treat-
ment and rehabilitation couldbeorganized arounda clinical
decision support system (CDSS) inwhich humans and com-
puters collaborate, contributing their respective abilities, to
optimize decision making, and thus to optimize treatment
outcome. This vision illuminates in turn the kind of techno-
logical and scientific work that lies ahead.
In the real world, humans engaged in clinical decision

making use a large number of implicit algorithms, ‘‘fast
and frugal heuristics,’’ and other probabilistic determina-
tions.22 Formal representation and systematic use of all of
them in a computer system requires not only extraordinary
data management but also advanced software engineering
technology. For a CDSS to truly participate in treatment
personalization, as opposed to passive support of human
judgments, comprehensive sets of elemental decision algo-
rithms must be derived from research findings and clinical
experience, integrated into the context of real world clinical
practice, and coded in computer programs.23 For these
reasons, development of computerized systems to support
personalization in psychiatric rehabilitation requires
extended, intensive, systematic interdisciplinary collabora-
tion of experienced clinicians, rehabilitation researchers,
computer scientists, engineers, and others.23

We do not have to envision a computer producing bet-
ter treatment outcomes than humans. It would be enough
for a human treatment team with a cyber member to pro-
duce better outcomes than a human treatment team with-
out one. Along the way, the process of developing and
improving intelligent and interactive CDDSs will teach
us much about human JDM. This will in turn inform hu-
man training and education and will further improve
computer emulation of human abilities.23 In this sense,
advancing our understanding of human JDM and devel-
oping intelligent CDSSs proceed as 2 steps in a cyclic
iterative process.

Clinical presentation
of paranoia

Is executive 
neurocognition 

at a stable baseline?

Provide neurocognitivetx&
nonspecific tx’s targeting basic
personal & social functioning

Provide CBT
targeting paranoia

NO

YES

Does residual baseline 
executive impairment 

permit CBT?

YES NO
Tailor rehabilitation regimen for skill
training in specific functional areas

showing residual deficits

Fig. 1. The course of paranoia as an information-processing algorithm
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Evolution of CDSSs for Personalization of Psychiatric
Treatment and Rehabilitation

We can foresee a stage-wise sequence by which increas-
ingly intelligent CDSSs achieve the ability to participate
collaboratively in clinical JDM:
‘‘Stage I’’ is familiar to many who conduct research in

clinical settings—systematic collection and management
of clinical data pertinent to a particular research question
or treatment outcome. Sophisticated multivariate analy-
ses of the databases created by such systems have already
identified numerous relationships between parameters of
treatment and recovery that could represent key decision-
making opportunities.14,15,24–27 However, such databases
are typically designed and built to answer a narrow range
of research questions, and the variables are selected ac-
cordingly. A stage I CDSS that includes the variables per-
tinent to assessing individual people, formulating their
treatment plan, and tracking their progress in recoveryhas
different design requirements.
‘‘Stage II’’ includes a new set of variables, reflecting hu-

man judgments and decisions. ‘‘Medication prescriptions,’’
for example, reflect not only a particular treatment but also
a JDMprocess that led to the prescription.Medication algo-
rithms exploit that process. In rehabilitation, a ‘‘treatment
plan’’ more comprehensively reflects multi-modal treatment
selections and related decisions. ‘‘Dispositional events’’ such
as legal determinations of competence, civil commitment,
guardian directives, and transfer of patients between service
settings also reflect human JDM. Inclusion of judgment and
decision variables in the database greatly enhances our abil-
ity to retrospectively identify patient and context factors
that influence human decisions. This informs how we
choose variables for a more advanced CDSS.
In ‘‘stage III,’’ the data management system actually

functions to support clinical decision making, by compiling
data generated in the course of treatment and returning it to
human decision makers in easily interpretable formats, in
the time frame in which decisions must be made. However,
the actual JDM remains exclusively human.
Commercially, available electronic medical records

systems (EMRs) used inmany health care settings include
some decision information such as diagnosis (arguably
a human judgment based on raw data about the patient)
and physicians’ orders. Some EMRs manage raw clinical
data as well, for example laboratory tests. In that sense,
they are stage II systems. Some EMRs support some clin-
ical activities in real time (mostly record keeping, not
decision making) and in that sense have stage III capa-
bilities. However, in mental health settings, much of
the clinical data in an EMR is embedded in narrative
reports, eg, social histories, evaluation reports, progress
notes, etc. As a result, the data are not easily accessible
for computer processing and real time decision making
(sophisticated language-analytic software can analyze
such data off line for research purposes, but processing

sufficient for real time decision support lies in the future).
On the other hand, EMRs usually include treatment
plans and related documents required by practice stand-
ards and regulations. EMRs could evolve into stage III
CDSSs by combining their prescription and treatment
plan documenting capabilities with quantitative data-
bases that increasingly include variables pertinent to psy-
chiatric rehabilitation.
There are a few prototypal examples of stage III sys-

tems for psychiatric rehabilitation, each with its own lim-
itations in scope and applicability. A system developed by
Paul et al28–30 is built around a comprehensive treatment
approach derived from social learning theory. It supports
a token economy and an array of other psychosocial
treatment modalities, it tracks behavioral functioning
over time with an impressive level of precision, and it for-
mats the data for human decision making in a clinical
time frame. However, it has limited capacity to support
personalized treatment, especially in the biological, cog-
nitive, and socioenvironmental domains, and most deci-
sions are driven by the treatment model, not case-wise
data. A system developed by Young et al31 takes advan-
tage of network capabilities and supports personalized
treatment but is focused on drug treatment. A system de-
veloped by Spaulding et al32 supports personalization
and encompasses the broad scope of treatmentmodalities
in psychiatric rehabilitation, but like the Paul et al sys-
tem, it was designed for a select subpopulation (extremely
disabled patients in long-term inpatient or residential set-
tings) pursuing a narrower range of recovery goals than
the broader SMI population (ie, goals most immediately
relevant to moving to less restrictive settings). None of
these prototypes is capable of testing the key hypothesis.
In ‘‘stage IV,’’ the system actively participates in deci-

sion making. It uses algorithms to identify patterns in the
data that may not be apparent or accessible to a human.
It uses other algorithms that emulate human clinical
judgment. It formulates hypotheses about possible treat-
ment response and computes differential probabilities in
ways that humans typically do not. It comments on and
learns from the decisions of its human colleagues. It
accesses public data sets and other information sources,
informing the treatment team about new findings and
developments the wayGoogle informs us about the world
in general. This is obviously a vision of the future, but it is
a foreseeable future, and we already have the computer
technology to build such a system. What we need is
a fuller understanding of the course of illness and recov-
ery, and a fuller accounting of the clinical decisions re-
quired in comprehensive integrated treatment and
rehabilitation.

The R&D Agenda

A stage III CDSS can test the hypothesis that data-driven
decision making enhances outcome, if it is sufficiently
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comprehensive. If that hypothesis can be supported,
stage IV systems of increasing intelligence and sophisti-
cation would subsequently compete to produce the best
possible outcome, as determined in comparative outcome
trials. That process will extend through the foreseeable
future, as we continue to improve our assessment
methods and add new evidence-based practices to our
treatment array.

Currently, there is no stage III CDSS comprehensive
and reliable enough to provide a fair test of the key hy-
pothesis. Until we can perform such a test, it is difficult to
justify investing in development of stage IV capabilities.
On the other hand, development of advanced cyber sys-
tems is not a linear process. In building a stage III system,
we are confronted early on with the question of what data
the system should include. What set of clinical and dis-
positional variables would be required to sufficiently rep-
resent and inform human JDM for this application? Our
initial selections would be guided by a combination of
theory, epistemology, and pragmatism. These selections
reflect many of the human cognitive processes that must
be emulated in an intelligent CDSS. In turn, articulation
of the human processes further informs selection of
variables. This pas de deux between content and process
in cyber system development requires attention to both,
even in development of less intelligent stage III systems.

In computer science and engineering, development of in-
telligent systems begins with a functional analysis of all the
entities and activities in the environment in which the sys-
tems will operate. In the course of this analysis, develop-
ment of a ‘‘domain ontology’’ begins. The domain
ontology is the vocabulary that defines all the concepts,
constructs, objects and variables, and their interrelation-
ships, within an intelligent system’s scope of operation.
Developing the domain ontology is a fundamental aspect
of intelligent system design, but for complex applications,
it is an exhaustive and time-consuming process. Fortu-
nately, commercial software has evolved to assist in achiev-
ing the perfect consistency required for computerization.

As development proceeds, the system advances
through stage III as the domain ontology incorporates
variables into a database capable of tracking all the fac-
tors pertinent to all the decisions that must be made, the
actions those decisions drive, and the consequences of the
actions. Development reaches stage IV as the domain on-
tology becomes comprehensive enough to support
‘‘knowledge management’’ and ‘‘problem solving,’’ the
algorithms by which the CDSS organizes its data and
makes its own judgments and decisions.

The world of psychiatric rehabilitation has many simi-
larities and overlaps with the worlds of general health care,
conventional mental health services, physical rehabilita-
tion, psychotherapy, and others. This can both inform
and mislead design of a CDSS expressly for psychiatric
rehabilitation. In the course of the pas de deux between
content and process, between ontology and database

development, and between computer scientist and clinical
scientist-practitioner, some characteristics of psychiatric
rehabilitation emerge as having especially salient implica-
tions for the ontology, knowledge management, and prob-
lem solving of a stage III and stage IV CDSS:

A Rehabilitation/Recovery Orientation

Psychiatric rehabilitation is based on precepts that are fun-
damentally different from those of conventional psychia-
try. The condition of concern is not a disease to be cured
but a disability to be overcome. Recovery is not simply
elimination of the symptoms of the disease, but regaining
a meaningful life, having friends, a meaningful occupa-
tional pursuit, hope for a better future, a sense of self.
A stage III CDSS must recognize a broader array of treat-
ment goals, or more properly, ‘‘recovery goals,’’ than in
conventional psychiatric treatment of SMI. These goals
are determined, at least in part, by the patient’s preferences
and priorities, not by inference from a diagnosis or com-
parable designation. The centrality of recovery goals to re-
habilitation is universally recognized, yet we know almost
nothing about how people formulate such goals. Develop-
ment of reliable measures of patient’s recovery goals, and
their ability to formulate such goals, will be a rate-limiting
factor in developing stage III systems. Developing a better
understanding of how people formulate recovery goals,
and methods for enhancing people’s ability to do so,
will be a rate-limiting factor in development of stage IV
systems capable of assisting with the goal-setting process.

The Biosystemic Model of Illness, Treatment, and
Recovery

SMI is the result of semi-independent vulnerabilities and
etiological processes that operate at physiological,
neurocognitive, social-cognitive, behavioral, and socioen-
vironmental levels of organismic functioning. The charac-
teristics listed in table 1, the sources of heterogeneity, are
distributed across all those levels. Our treatment array in-
creasingly targets processes at all levels. This is necessary
because impairments and disabilites in SMI do not cascade
frommolecular causes in a way that makes focal treatment
of the cascade’s origin an effective strategy (eg, as in infec-
tious diseases). The complexity this produces is what neces-
sitates personalization and integration of treatment.
A stage III CDSS must have an assessment repertoire

capable of measuring functioning at all levels of biosys-
temic organization, especially specific impairments
known to produce specific consequences. We arguably
have clinical measures sufficient to meet this demand,
but no single database has ever been constructed that
is even presumed to include enough of them to support
comprehensive treatment and rehabilitation. In the near
future, rapid scientific developments may create new as-
sessment domains, eg, the potential impact of genomics
on the neurophysiological assessment that informs
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pharmacotherapy. One challenge for both stage III and
stage IV systems will be to keep up with such advances
and manage an increasingly diverse and extensive assess-
ment repertoire. A stage IV system will need algorithms
that weigh the influence of factors across all levels of
functioning over time, like the example in figure 1. It
will take a lot of effort to formulate and test a sufficient
collection of such algorithms.

Patient Perspective and Involvement

Consistent with the principles of rehabilitation and
recovery, the patient has a more central and active role
in decisionmaking than in conventional psychiatric treat-
ment of SMI. This goes beyond setting goals, to detailed
preferences about treatment options and trade-offs. Can
we actually represent a patient’s personal perspective
pertinent to psychiatric rehabilitation as an array of
quantitative measures? A database for tracking all that
information will be quite extensive, and no precedent
or prototype exists. This will be a new challenge for stage
III systems. For stage IV, we will need algorithms that
can weigh these preferences against other factors, includ-
ing the patient’s competence to make informed decisions,
legal imperatives, and risks. In some cases, there will be
conflict between patient preference and expectation of
effectiveness. In others, patient preference may actually
moderate treatment effectiveness. In still others, patient
preference may decide between otherwise equivocal
alternatives.

Functional Assessment and Analysis

In psychiatric rehabilitation, functional assessment and
analysis supplant diagnosis as the operational link be-
tween assessment and treatment. Functional analysis is
familiar to behaviorally oriented clinicians as a systematic
process of identifying environmental and intrapersonal
antecedents and consequences of behaviors of clinical in-
terest, for the purpose of bringing them under therapeutic
control. However, the functional-analytic approach is
also applicable to antecedents, consequences, and behav-
iors at all levels of organismic functioning. A version of
this approach has been formulated expressly for people
with SMI undergoing rehabilitation and recovery.33 It
can play a major role in understanding the nature of spe-
cific problems and selecting and shaping treatment.
Functional-analytic data are ‘‘idiographic,’’ meaning

unique to the individual rather than a value on a scale
equally applicable to all individuals. For example, the tar-
get behavior in a behavior change program is defined and
described for a particular patient. Quantitative measures
such as frequency or intensity can then be applied to
the target behavior. Although behavior therapists have
long been using sophisticatedmethods to track idiographic
clinical data, these methods have not yet been incorpo-
rated in a CDSS sufficiently comprehensive for psychiatric

rehabilitation. The stage III challenge will be to develop
a database that includes both conventional (nomothetic)
scalar variables and idiographic variables. The stage IV
challenge will be to codify the principles of interpreting
functional analytic data as computer algorithms and then
to formulate algorithms that include idiographic and con-
ventional scalar data in reaching judgments and decisions.
Functional assessment is distinct from functional anal-

ysis. The former uses conventional scalar measures to de-
termine people’s ability to perform functional tasks, such
as cooking, housekeeping, managing personal finances,
and resolving interpersonal conflicts. Impairments in
these domains are understood to be causally proximal
to the disabilities of SMI. Stage III systems can take ad-
vantage of a well-developed assessment arsenal for func-
tional abilities. The challenge for stage IV will be to
develop algorithms that distinguish between functional
impairments that result from problems in other areas,
such as neurophysiological dysregulation or cognitive im-
pairment, and those that result from skill deficits. This
has obvious implications for treatment selection.
Problem-oriented ‘‘treatment planning’’ is an ap-

proach to health care documentation that resolves in-
compatibilities between traditional diagnosis-driven
treatment and functionally driven psychiatric rehabilita-
tion. It was introduced in the 1960s as a way to standard-
ize medical record formats and persisted in psychiatry
because of the notoriously weak relationship between di-
agnosis and treatment outcome. A comprehensive ac-
count of psychiatric rehabilitation34 has shown that
a problem-oriented treatment planning approach can in-
corporate functional analytic methods and the principles
of biosystemic psychopathology. Problem-oriented treat-
ment plans will probably provide a key organizational
format for stage III and stage IV systems.

The Hypothetico-Deductive Method

Case-wise application of the hypothetico-deductive
method is arguably a feature of science-informed or
evidence-based clinical practice in general. The complex-
ity of problems confronted in psychiatric rehabilitation
requires that this approach be applied even more aggres-
sively than usual. For example, the clinician is often con-
fronted with such questions as, ‘‘Is this particular
behavior the result of acute psychosis, deficient social
skills, or perverse institutional incentives to engage in
inappropriate behavior?’’ Themost reliable way to decide
is to choose the highest probability alternative, treat
accordingly, and evaluate the outcome. Better initial as-
sessment may improve our chances of guessing correctly
the first time, but we may never be able to eliminate the
need for careful, systematic evaluation of treatment re-
sponse. The main implication for level III development
is that the database must include measures not just for
making the initial formulation but also for tracking
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treatment response. These are not necessarily the same
measures. For stage IV, the systemmust be able to design
a data collection and analysis protocol, based on the ini-
tial hypothesis and expected treatment response and then
monitor the data to determine, within a time frame spe-
cific to the hypothesized problem and the selected treat-
ment, whether treatment is effective. If treatment is not
effective, the stage IV algorithms must recycle the hypo-
thetico-deductive process to find the next-best guess and
formulate a new treatment trial.

Contextual Factors

Contextual factors often constrain clinical practice,
although in conventional settings, these are usually annoy-
ances to be managed through good administrative
oversight. For example, if there is a need for a drug that
is not in the formulary, the Formulary Committee should
take care of that. In mental health, and especially in SMI
services, contextual factors are more pervasively influential,
and less amenable to solution through administrative
means. Treatment decisions are influenced by institution
or agency policy, local regulatory constraints, funding chan-
nels, civil commitment and competence laws, and most
especially, limited treatment arrays. There is no precedent
for including in a CDSS a database that represents the
contextual factors that may impinge on JDM. A stage III
system may have to rely on human understanding of local
context until very advanced stages of development.
Ultimately, though, a stage IV system will need to be
able to access a reasonably complete set of that information,
and use it at appropriate points in the rehabilitation and
recovery process.

Conclusions

The momentum of the Information Age will inevitably
drive development of increasingly sophisticated EMRs
for mental health services. Multivariate research on the
course of SMI is stimulating development of databases
that capture increasingly comprehensive pictures of the
course of illness, treatment, rehabilitation, and recovery.35

Increasingly, holistic theoretical accounts of SMI and re-
habilitation11,35 are guiding joint development of data-
bases and domain ontology. At some point in the near
future we will cross the threshold where an outcome trial
testing the contributions of a stage III CDSS will become
feasible. There will follow a period of research establishing
the particular circumstances and clinical settings in which
clinical JDM is sufficiently complex that outcome benefits
from cyber system support.

Support of the key hypothesis that JDM makes a dif-
ference will provide the scientific and economic incentive
to build a stage IV CDSS. Psychopathologists and others
will compete to formulate the most effective algorithms,
based on clinical experience as well as empirical research.
Clinical effectiveness will supplant construct validation

as the criterion of success for intelligent systems. As sci-
ence marches on, new findings and insights will produce
increasingly intelligent systems, and they will play an in-
creasingly important role in personalizing psychiatric re-
habilitation and optimizing outcome.
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